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FIG. 3
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FIG. 5
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FIG. 6
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FIG. 8
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FIG. 9

SYNTHESIS
RATIO B

1 —

0 SATURATION S



US 9,392,241 B2

Sheet 10 of 15

Jul. 12, 2016

U.S. Patent

ATNOIS

1ndLno

N WNOIS
1nd1no

ATNOIS
1ndLN0

610} 810}
— ~
ungd) [ 1wy | [
INFAFOUYINA [ NOISS Riddg 3SION
/101
gy oot
zo_%@mﬁ
Loy [|SISHINAS Ad] Reol
0 10 || Lo |
e NSRS e [ S
1201 020 o 0L | Chob
! 10}
1IM9d9 Lo NOLYINDTY) 14T
NERAAD 1 1o [ OV SISTHINAS Rego1
o5 SISTHINAS _
AT T oL L R 0 0 1b H s
ZOH__H@WM@O /0NN | NISS3dS 350N ~ ]
| | 1001
TINDIS FONYAIANT €col ccol 010k 600
%WM__\#_O INDA3S 900}
i IO NOLLYINTYO
AN zo*_h@wm_%mo 19419 m&mmw_kww OILvd SISTHINAS &l /Amoo_‘
HTN9IS JONYNIN T i
1544 VS 1™ Sy 1IN H4dH H7__%@_% m._%ﬁ
] 17 NOISSTeddnS FSION .
viz  INMONOIAAND | foz |vzdL LNodl3 500} P01 NSRS | 2
NOT0DAONYNINNT oz_\w\wm_oomm (Nvd ¢001 ] ow\
702 1001
0l 9l

(INFNFONYAY
H3AVE
TYNOIS LNdNI



US 9,392,241 B2

Sheet 11 of 15

Jul. 12, 2016

U.S. Patent

1IN941D

ATYNIIS LNALNO

NOILVMINAD

[1TYNOIS L1NdLNO

ATINOIS _|
1Nd1no

@o,:

0100
e g0l

1NJ41I
ONIXI
JONYNINNT

LINJEII NOILYHINGD
TYNIS FONYNIANT
QIHL

~E£lc

LINJYII NOIYHINTD
TYNIS FONYNIANT
INODTS

LNJYI NOILYHIND
TYNSIS JONVNIANT
1544

e

1INJHII NOILYHINID
J0T0IAINNIANT

—
€01}

mnowy L mnown U oonown L
INFH3OUYIN| | NOISSTHAdNS 3SION [ {NOILINGH
—~ — ~
0z 602 80¢
102
.
| [1InoM9 NOLYINOTYY oLl
1O e 0LIWY SISTHINAS 44
oY L] Lnowd NOLLONG3Y || goiiima | 43V
NOISSTddnS ISION NOILYZ S T¥NOIS
~ T 907 INOUHONAS 1NN
Ay LIN9Y2 9ONISSII0Yd QNYag =
_ 102
0L}
Ll Ol



U.S. Patent Jul. 12,2016 Sheet 12 of 15 US 9,392,241 B2

FIG. 12 -
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IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of U.S. application Ser.
No. 13/025,053, filed Feb. 10, 2011, which claims priority
International Patent Application No. PCT/IP2010/052028,
filed Feb. 12, 2010, which are hereby incorporated by refer-
ence herein in their entireties.

TECHNICAL FIELD

The present invention relates to image processing per-
formed for suppressing aliasing generated in an image signal.

BACKGROUND ART

Various types of color filter of an image pickup element
such as a CCD sensor or a CMOS sensor have been used, and
examples of such a color filter include a color filter having a
combination of primary colors (red, green, and blue) and a
color filter having a combination of complementary colors
(cyan, magenta, and yellow).

FIG. 13 is a diagram illustrating a primary-color Bayer
arrangement of an image pickup element. Red (R) and blue
(B) are diagonally arranged in a pixel matrix of 2x2, green
(G1 and G2) is diagonally arranged in the remaining two
pixels, and this pattern is repeated.

When an object includes a high frequency component
which exceeds resolution capability of the image pickup ele-
ment, aliasing is generated in an image signal generated by
the image pickup element due to an adverse effect of the high
frequency component. Therefore, various methods for sup-
pressing aliasing have been proposed. For example, a method
using a combination of two luminance signals generated in
different ways has been proposed in order to suppress gen-
eration of aliasing.

One of the luminance signals is generated only using sig-
nals corresponding to G (G1, G2) pixels without using signals
corresponding to R and B pixels. First, values of signals other
than signals corresponding to the G pixels among the signals
corresponding to the R, G, and B pixels obtained by digitaliz-
ing a signal output from the image pickup element having the
primary-color Bayer arrangement are set to 0. Next, a vertical
lowpass filter (V-LPF) process which restricts a band in a
vertical direction and a horizontal lowpass filter (H-LPF)
which restricts a band in a horizontal direction are performed.
By this, signals of pixels which have been subjected to com-
pensation using the signals corresponding to the G pixels are
generated and a luminance signal of G is obtained. Hereinaf-
ter, a luminance signal obtained by performing compensation
on pixels which do not correspond to a certain color using
signals corresponding to the certain color is referred to as a
first luminance signal.

Alternatively, values of signals other than signals of the R
pixels are set to 0 and similarly the V-LPF process and the
H-LPF process are performed to thereby generate a lumi-
nance signal of R. Similarly, values of signals other than
signals of the B pixels are set to 0 and similarly the V-LPF
process and the H-LPF process are performed to thereby
generate a luminance signal of B. Then, the luminance signals
of R and B are added to the luminance signal of G, and a
resultant signal may be referred to as a first luminance signal.

The other luminance signal is generated using signals of all
the colors of the primary-color Bayer arrangement shown in

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 13. The V-LPF process which restricts a band in the
vertical direction and the H-LPF which restricts a band in the
horizontal direction are performed on the signals correspond-
ing to the pixels of all the R, G, and B colors which are
obtained by digitalizing the signals output from the image
pickup element having the primary-color Bayer arrangement
without distinguishing the colors so that a signal is newly
obtained. Hereinafter, such a luminance signal obtained using
the signals of all the colors without distinguishing the colors
is referred to as a second luminance signal.

FIG. 14 is a diagram illustrating spatial frequency charac-
teristics in which the first and second luminance signals can
be resolved. An x axis denotes a frequency space in a hori-
zontal (H) direction of an object and a y axis denotes a
frequency space in a vertical (V) direction of the object. The
further a point is located from an intersection between the x
axis and the y axis, the higher a spatial frequency in the point
is.

Resolution limits in the horizontal and vertical directions
of'the first luminance signal generated only using the signals
corresponding to the G pixels are equal to a Nyquist fre-
quency (7t/2) of an arrangement of the G pixels. However,
since some diagonal lines do not include the G pixels, a limit
resolution frequency in a diagonal direction is lower than
those in the horizontal and vertical directions and an inside
portion of a region 1401 having a diamond shape shown in
FIG. 14 corresponds to a spatial frequency in which the first
luminance signal can be resolved. Since, among the R, G, and
B luminance signals, the G luminance signal obtained only
using the signals corresponding to the G pixels has the highest
resolution, even when the first luminance signal is generated
by synthesizing the R, G, and B luminance signals with one
another, the same spatial frequency in which the first lumi-
nance signal can be resolved is obtained.

On the other hand, since the second luminance signal is
generated using the signals corresponding to all the color
pixels, when the object is achromatic, an outer square region
1402 shown in FIG. 14 corresponds to a spatial frequency in
which the second luminance signal can be resolved. Unlike
the first luminance signal, since any one of the color pixels is
included in all lines diagonally extending, a spatial frequency
in a diagonal direction in which the second luminance signal
can be resolved is higher than that of the first luminance
signal. However, when a red object is captured, for example,
signals output from the pixels other than the R pixels are
negligible. Accordingly, only a resolution corresponding to a
region 1403 which is a quarter of the region corresponding to
the achromatic object is obtained.

Taking characteristics of the first and second luminance
signals described above into consideration, a configuration
for suppressing aliasing included in an image signal by gen-
erating a luminance signal has been proposed. For example, a
configuration for generating a luminance signal by changing
a mixing ratio of the first and second luminance signals
depending on a determination as to whether an object is
achromatic or chromatic has been proposed (refer to Patent
Literature 1). Furthermore, a configuration for generating a
luminance signal by changing a mixing ratio of the first and
second luminance signals depending on a degree ofthe diago-
nal correlation of an object shown in FIG. 14 has been pro-
posed (refer to Patent Literature 2).

However, although these methods are useful in terms ofthe
suppression of aliasing, noise signals other than the aliasing
are not suppressed. For example, in recent years, miniatur-
ization of pixels of image pickup elements has been devel-
oped. Therefore, noise may be increased due to the miniatur-
ization of pixels. Although various methods for suppressing
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such noise by performing signal processing have been pro-
posed, image blur is generated when such noise is suppressed,
which is an adverse effect.

To address this problem, a method for suppressing noise by
dividing an image signal into a plurality of frequency com-
ponents has been proposed (refer to Patent Literature 3).
Furthermore, a method for suppressing noise by generating
an image signal by reducing an image signal and synthesizing
the reduced image signal with the original image signal has
been proposed (Patent Literature 4).

Specifically, a reduction process is performed on a signal of
an input image so that a reduced image including a frequency
component lower than that of the input image is generated.
Then, edge strength is detected using the reduced image
signal having the low frequency component, and a region in
which an edge component is to be maintained is obtained in
accordance with the edge strength. Weights of regions are
changed so that an image included in the region in which the
edge component is to be maintained is not blurred and the
original image signal and the reduced image signal having the
low frequency component are synthesized with each other to
thereby newly generate an image signal.

CITATION LIST
Patent Literature

PTL 1 Japanese Patent [Laid-Open No. 2003-348609
PTL 2 Japanese Patent [Laid-Open No. 2008-072377
PTL 3 Japanese Patent Laid-Open No. 2008-015741 PTL 4

Japanese Patent Laid-Open No. 2009-199104

However, the method for suppressing noise by synthesiz-
ing image signals of a plurality of frequency bands does not
take aliasing into consideration.

Here, in a case of a sensor of a single plate such as the
primary-color Bayer arrangement, when a downsampling
process is performed at a time of band division, all pixels may
have color signals without performing compensation on pix-
els of colors corresponding to signals of 0. When a certain row
in the Bayer arrangement of the image pickup element is
taken as an example, as shown in FIG. 15, color filters R, G,
R, G, R, G, and so on are arranged in this order. A case where
the downsampling process is performed on half of pixels in
the horizontal direction will be described as an example. In
this row, when only R signals are focused on, the R signals
originally arranged every other pixel are arranged in every
pixels through the downsampling process. Furthermore, also
when only G signals are focused on, the G signals originally
arranged every other pixel are arranged in every pixels
through the downsampling process. Note that, in the down-
sampling process performed on the G signals, a value of a
pixel corresponding to each of the G signals is obtained by
calculating an average of values of adjacent pixels in order to
a position of the center of gravity of the G signal matches an
R signal. As described above, by performing the downsam-
pling process, all the R, G, and B color signals are generated
at each pixel position without performing compensation on
the pixels of the colors corresponding to the signals of 0.
Therefore, aliasing may be suppressed in such an image sig-
nal generated through the downsampling process. Note that a
process of generating signals of different colors for each pixel
is referred to as synchronization.

An image signal generated through the downsampling pro-
cess has been subjected to the synchronization. Therefore,
when the original image signal is to be subjected to the syn-
chronization with the image signal which has been subjected
to the downsampling process, the original image signal
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should be subjected to the synchronization. However, since a
single pixel corresponds to a single color in the original image
signal, a compensation process should be performed on pixels
of the individual colors which correspond to a signal of 0 in
order to make each of the pixels have signals of all the colors.
Therefore, since the original image signals are subjected to
the synchronization although the original signals have been
subjected to the downsampling process in order to suppress
noise, an image signal obtained by synthesis include aliasing.

The present invention has been made in view of the prob-
lem described above and it is an object of the present inven-
tion to provide an image processing apparatus which per-
forms a noise process by dividing an input signal according to
a plurality of bands and which is capable of suppressing
aliasing in an image signal generated by sampling performed
by an image pickup element.

SUMMARY OF INVENTION

According to an aspect of the present invention, an appa-
ratus includes a generation unit configured to receive an
image signal in which signals corresponding to a plurality of
colors are arranged and generate a plurality of image signals
corresponding to different frequency bands using the
received image signal, a synthesis unit configured to synthe-
size the plurality of image signals, a sampling unit configured
to generate image signals from an image signal obtained
through the synthesis by sampling the signals corresponding
to the colors in accordance with the arrangement, a first
generation unit configured to receive the image signals of the
colors which have been subjected to the sampling and gener-
ate a first signal using an image signal obtained by performing
compensation on pixels which do not correspond to a first
color signal among pixels of the received image signal using
the first color signal, a second generation unit configured to
receive the image signals corresponding to the color signals
including the first color signal and generate a second signal
using the color signals, and a mixing unit configured to output
a signal obtained by synthesizing the first and second signals
or a signal obtained by selecting one of the first and second
signals.

The present invention further provides an apparatus includ-
ing a reduction unit configured to reduce an image signal in
which signals corresponding to a plurality of colors are
arranged so as to generate a reduced image signal, a genera-
tion unit configured to receive the reduced image signal and
generate a plurality of image signals corresponding to difter-
ent frequency bands from the image signal, a synthesis unit
configured to synthesize the plurality of image signals, a first
generation unit configured to receive the synthesized image
signal and generate a first signal using an image signal
obtained by performing compensation on pixels which do not
correspond to a first color signal among the input image
signals using the first color signal, a second generation unit
configured to receive the synthesized image signal and gen-
erate a second signal using the plurality of color signals, a
third generation unit configured to generate a third signal
using the image signal, and a mixing unit configured to output
a signal obtained by synthesizing the first and second signals
with each other or a signal obtained by selecting one of the
first and second signals when a rate of a size of the reduced
image signal to a size of the image signal in which the signals
corresponding to the plurality of colors are arranged is larger
than a threshold value, and output the third signal when the
rate is equal to or smaller than the threshold value.
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Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram schematically illustrating a configura-
tion of a digital still camera according to an embodiment of
the present invention.

FIG. 2 is a diagram schematically illustrating a portion of a
configuration of an image processing circuit according to a
first embodiment of the present invention.

FIG. 3 is a flowchart illustrating a process performed by the
image processing circuit.

FIG. 4 is a diagram illustrating a synchronization process
performed by a synchronization circuit.

FIG. 5 is a diagram illustrating filter coefficients in an edge
detection process performed by a synthesis ratio calculation
circuit.

FIG. 6 is a diagram illustrating a mixing ratio « of a
high-frequency-layer image signal in an edge component.

FIG. 7 is a diagram illustrating a process of generating a
first luminance signal Y, performed by a first luminance
signal generation circuit.

FIG. 8 is a diagram illustrating a process of generating a
second luminance signal Y performed by a second lumi-
nance signal generation circuit.

FIG. 9 is a diagram illustrating a mixing ratio {3 of the first
luminance signal Y, in accordance with a saturation S.

FIG. 10 is a diagram schematically illustrating a portion of
a configuration of an image processing circuit according to a
second embodiment of the present invention.

FIG. 11 is a diagram schematically illustrating a portion of
a configuration of an image processing circuit according to a
third embodiment of the present invention.

FIG. 12 is a flowchart illustrating a process performed by
the image processing circuit shown in FIG. 11.

FIG. 13 is a diagram illustrating a primary-color Bayer
arrangement of an image pickup element.

FIG. 14 is a diagram illustrating spatial frequency charac-
teristics in which first and second luminance signals can be
resolved.

FIG. 15 is a diagram illustrating a case where each pixel
which has been subjected to a downsampling process has all
color signals.

DESCRIPTION OF EMBODIMENTS
First Embodiment

FIG. 1 is a diagram schematically illustrating a configura-
tion of a digital still camera according to an embodiment of
the present invention. The present invention can be realized
by not only a digital still camera but also a digital video
camera, a personal computer which includes an application
relating to image processing, or the like as long as the image
processing apparatus can perform image processing on an
image signal.

InFIG. 1, an optical system 101 includes a lens unit includ-
ing a zoom lens and a focus lens, an aperture device, and a
shutter device. The optical system 101 controls magnification
and a focus position of an object image which is supplied to an
image pickup element 102 and light quantity. The image
pickup element 102 is a photoelectric conversion element
such as a CCD (Charge Coupled Device) sensor or a CMOS
(Complementary Metal Oxide Semiconductor) sensor and
generates an image signal by converting the object image into
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an electric signal. In this embodiment, the image pickup
element 102 is constituted by a CCD sensor having a Bayer
arrangement including color filters corresponding to R, G,
and B.

A preprocessing circuit 103 includes a CDS (Correlated
Double Sampling) circuit and an amplifying circuit. The CDS
circuit suppresses dark current included in an image signal
generated by the image pickup element 102 whereas the
amplifying circuit amplifies an image signal output from the
CDS circuit. An A/D converter 104 converts an image signal
output from the preprocessing circuit 103 into a digital image
signal.

An image processing circuit 105 performs a white balance
process, a noise suppression process, a tone conversion pro-
cess, and a contour correction process on the image signal so
asto output the image signal as a luminance signal Y and color
difference signals U and V. Furthermore, the image process-
ing circuit 105 calculates a luminance value of the object and
a focus value representing a focused state of the object using
the image signal. The image processing circuit 105 performs
the image processing not only on an image signal output from
the A/D converter 104 but also on an image signal read from
a recording medium 109. A control circuit 106 controls the
various circuits included in the digital still camera of this
embodiment so as to integrally control operation of the digital
still camera. The control circuit 106 further controls driving
of the optical system 101 and the image pickup element 102
in accordance with the luminance value obtained from the
image signal which has been processed by the image process-
ing circuit 105 and an instruction supplied from an operation
member 110.

A display memory 107 temporarily stores an image signal
which is a source of an image to be displayed in a display
device 108. The display device 108 includes a liquid crystal
display or an organic EL (Electro Luminescence) display and
displays an image using an image signal generated by the
image pickup element 102 or an image signal read from the
recording medium 109. The display device 108 serves as an
electronic view finder by appropriately updating and display-
ing image signals consecutively read from the image pickup
element 102. The display device 108 may display not only an
image but also text information such as a display state of the
digital still camera, a shutter speed and an aperture value
selected by a user or determined by the camera, and sensitiv-
ity information, and a graph representing distribution of lumi-
nance measured by the image processing circuit 105. The
recording medium 109 which stores image signals may be
attachable to the digital still camera or may be incorporated in
the digital still camera.

The operation member 110 is operated when the user sup-
plies an instruction to the digital still camera. A bus 111 is
used to transmit/receive an image signal among the image
processing circuit 105, the control circuit 106, the display
memory 107, and the recording medium 109.

Next, an example of an operation of the digital still camera
according to this embodiment at a time of image capturing
will be described.

When the user operates the operation member 110 so as to
supply an instruction for starting preparation of image cap-
turing, the control circuit 106 start controlling operations of
the circuits. The image pickup element 102 generates an
analog image signal by photoelectrically converting an object
image which is supplied through the optical system 101. The
A/D converter 104 digitizes the analog image signal which
has been processed by the preprocessing circuit 103. The
image processing circuit 105 performs the white balance
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process, the noise suppression process, the tone conversion
process, and the contour correction process.

The image signal which has been processed by the image
processing circuit 105 is supplied through the display
memory 107 to the display device 108 which displays an
image corresponding to the image signal. As described above,
the display device 108 functions as an electronic view finder
by updating the image of the object in real time using read
consecutive image signals and displaying the updated image.

This process is repeatedly performed until the user oper-
ates a shutter button included in the operation member 110.
When the user operated the shutter button, the control circuit
106 controls the operation of the optical system 101 again in
accordance with a luminance value and a focus value
obtained by the image processing circuit 105 and captures a
still image. The image processing circuit 105 performs the
various image processes including the noise suppression pro-
cess on an image signal corresponding to the still image.
Then, the recording medium 109 records the image signal
output from the image processing circuit 105. Note that the
image processing circuit 105 performs the various image
processes including the noise suppression process not only on
still images but also captured movies.

Here, the noise suppression process performed by the
image processing circuit 105 which is a characteristic of the
present invention will be described in detail. FIG. 2 is a
diagram schematically illustrating a configuration of the
image processing circuit 105.

The image processing circuit 105 of this embodiment
includes a white balance circuit 201, a band processing circuit
202, a sampling circuit 203, and a luminance/color generation
circuit 204. The band processing circuit 202 includes a syn-
chronization circuit 205, a noise suppression circuit 206, a
synthesis ratio calculation circuit 207, a reduction circuit 208,
a noise suppression circuit 209, an enlargement circuit 210,
and an image synthesis circuit 211. The luminance/color gen-
eration circuit 204 includes a first luminance signal genera-
tion circuit 212, a second luminance signal generation circuit
213, a luminance mixing circuit 214, and a color generation
circuit 215.

FIG. 3 is a flowchart illustrating a process performed by the
white balance circuit 201, the band processing circuit 202, the
sampling circuit 203, and the luminance/color generation
circuit 204 which are included in the image processing circuit
105. When receiving an image signal output from the A/D
converter 104, the image processing circuit 105 performs the
process shown in the flowchart of FIG. 3.

In step S301, the white balance circuit 201 performs the
white balance process on an image signal supplied from the
A/D converter 104. Here, the image signal is configured by a
RAW format, and a single pixel has one of signals corre-
sponding to colors R, G, and B. The white balance circuit 201
calculates gain coefficients for individual color signals so that
levels of the R, G, and B signals for a white object are
substantially the same as one another. Note that the gain
coefficients are calculated using a general method, and there-
fore, a detailed description thereof is omitted.

In step S302, the synchronization circuit 205 performs a
synchronization process on the image signal output from the
white balance circuit 201. FIG. 4 is a diagram illustrating the
synchronization process performed by a synchronization cir-
cuit 205.

The image signal of the Bayer arrangement which has the
RAW format and which is output from the white balance
circuit 201 is supplied to the synchronization circuit 205
which divides the image signal having the RAW format into
image signals for individual colors. Specifically, the synchro-
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nization circuit 205 generates an image signal corresponding
to a G signal obtained by inserting O into signals of pixels
other than G pixels, an image signal corresponding to an R
signal obtained by inserting 0 into signals of pixels other than
R pixels, and an image signal corresponding to a B signal
obtained by inserting O into signals of pixels other than B
pixels.

Subsequently, the synchronization circuit 205 performs the
synchronization process on the image signals corresponding
to the G, R, and B signals so that each of pixels has the G, R,
and B signals. For example, in the image signal correspond-
ing to the R signal, assuming that a signal at a coordinate (m,
n) which has not been compensated for is represented by R(m,
n) and the signal at the coordinate (m, n) which has been
compensated for is represented by R ,(m, n), the signal R (m,
n) which has been compensated for is calculated in accor-
dance with Expression (1) to Expression (4).

Rp(1,1)=R(1,1) (6]

Rp(1,2)={R(1,1)+R(1,3)}/2 )

Rp(2,1)={R(1,1)+R(3,1)}2 3)

Rp(2,2)={R(1,1)+R(1,3)+R(3,1)+R(3,3)}/4 4

Similarly, in the image signal corresponding to the B sig-
nal, a signal B,(m, n) which has been compensated for is
calculated in the same way.

Furthermore, in the image signal corresponding to the G
signal, a signal G(m, n) which has been compensated for is
calculated in accordance with Expression (5) to Expression

®).

Gp(2,2)={G(1,2)+G(3,2)+G(2,1)+G(2,3)}/4 )

Gp(2,3)=G(2,3) (6)

Gp(3,2)=G(3,2) @]

Gp(3,3)={G(2,3)+G(4,3)+G(3,2)+G(3,4)}/4 (8)

In step S303, the reduction circuit 208 receives an image
signal corresponding to the G signal, an image signal corre-
sponding to the R, signal, and an image signal corresponding
to the B signal and generates an image signal of a lower band
using these image signals.

The reduction circuit 208 performs the V-LPF process and
the H-LPF process using a filter coefficient represented by [1,
2, 1] on the image signals corresponding to the G signal, the
R signal, and the B, signal. Thereafter, the reduction circuit
208 performs the downsampling process on the image signals
which have been subjected to the LPF processes so that the
numbers of pixels in the horizontal and vertical directions are
reduced by half to thereby generate image signals corre-
sponding to a G, signal, an R, signal, and a B, signal. The
image signals corresponding to the G, signal, the R signal,
and the B signal which have not been subjected to the down-
sampling process are referred to as high-frequency-layer
image signals whereas the image signals corresponding to the
Gp, signal, the R, signal, and the B, signal which have been
subjected to the downsampling process are referred to as
low-frequency-layer image signals.

In this embodiment, the highest frequency band of the
low-frequency-layer image signals corresponds to half of the
highest frequency of the high-frequency-layer image signals.
A lower frequency band of the high-frequency-layer image
signals overlaps with a frequency band of the low-frequency-
layer image signals.
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Note that the reduction circuit 208 may generate the low-
frequency-layer image signals by reducing the number of the
image signals of the Bayer arrangement which have the RAW
format and which are output from the white balance circuit
201 and thereafter performing the LPF processes on a
reduced number of image signals without using the synchro-
nization circuit 205.

In step S304, the noise suppression circuit 206 performs
the noise suppression process on the high-frequency-layer
image signals whereas the noise suppression circuit 209 per-
forms the noise suppression process on the low-frequency-
layer image signals. The processes performed by the noise
suppression circuits 206 and 209 are the same as each other,
and therefore, only the noise suppression process performed
by the noise suppression circuit 206 will be described as an
example.

The noise suppression circuit 206 performs the noise sup-
pression process using target signals of the individual color
signals and surrounding pixels including ranges of matrices
of 5x5 pixels with the target pixels as centers.

When an image signal corresponding to the G signal is
taken as an example, the noise suppression circuit 206 calcu-
lates absolute values of differences between a signal level of
a target pixel and signal levels of surrounding pixels and
compares resultant values with a threshold value. Specifi-
cally, assuming that the signal level of the target pixel is
denoted by G (s, 1), the signal levels of the surrounding pixels
are denoted by G (1, j), and the threshold value is denoted by
TH, the signal levels G(i, j) which satisfy Expression (9) is
obtained.

|G p(i,j)-Gp(s,1)|<TH (note: s-2si=s+2,1-2<jst+2) ()]

Then, the signal levels G (i, j) which satisfy Expression (9)
are extracted, a value of the luminance signal (s, t) of the
target pixel is replaced by an average value ofthe signal levels
Gz(, j). The noise suppression circuit 206 performs similar
processes on the high-frequency-layer image signals corre-
sponding to the R signal and the B signal.

The noise suppression circuit 206 suppresses noise of the
high-frequency-layer image signals by performing the pro-
cesses performed on the G signal, the R, signal, and the B,
signal on all the pixels. Note that since the range of a matrix
of 5x5 is not allowed to be set in edge portions of the image
signal, a method for setting surrounding pixels is appropri-
ately changed for such a pixel in order to perform the noise
suppression process.

The noise suppression circuit 209 also suppresses noise of
the low-frequency-layer image signals by performing the
similar process on the G, signal, the R, signal, and the B,
signal corresponding to the low-frequency-layer image sig-
nals. It is apparent that the method for suppressing noise is not
limited to this, and various general methods for suppressing
noise may be employed.

Then, the low-frequency-layer image signals which have
been subjected to the noise suppression process by the noise
suppression circuit 209 are output to the enlargement circuit
210. The enlargement circuit 210 performs an upsampling
process on the low-frequency-layer image signals which have
been subjected to the noise suppression process so that the
number of pixels of each of the low-frequency-layer image
signals becomes equal to the number of pixels of a corre-
sponding one of the high-frequency-layer image signals. Spe-
cifically, the number of pixels of each of the low-frequency-
layer image signals is increased by double and signals of
pixels newly generated are set to 0. Thereafter, the enlarge-
ment circuit 210 performs linear compensation on the pixels
having the values of 0 using values of surrounding pixels so
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that the pixels at all positions have signals. These processes
are separately performed on the G, signals, the R, signals,
and the B, signals.

In step S305, the synthesis ratio calculation circuit 207
calculates a ratio of synthesis of the high-frequency-layer
image signals and the low-frequency-layer image signals.
Specifically, the synthesis ratio calculation circuit 207
obtains an edge component of each of the pixels using a filter
shown in FIG. 5 in terms of the G signals corresponding to
the high-frequency-layer image signals. Then, the synthesis
ratio calculation circuit 207 reads a mixing ratio o corre-
sponding to the edge component from a memory not shown.
FIG. 6 is a diagram illustrating the mixing ratio o of the
high-frequency-layer image signals in accordance with the
edge component. As shown in FIG. 6, in the synthesis ratio
calculation circuit 207, a pixel having a high edge component
has a high mixing ratio o so that the mixing ratio of the
high-frequency-layer image signals is high whereas a pixel
having a low edge component has a low mixing ratio & so that
the mixing ratio of the low-frequency-layer image signals is
low.

In step S306, the image synthesis circuit 211 synthesizes
the G, signal corresponding to the high-frequency-layer
image signal with the G, signal corresponding to the low-
frequency-layer image signal using the mixing ratio o
obtained by the synthesis ratio calculation circuit 207 so as to
newly obtain a G signal. Specifically, in each of the pixels, the
G signal corresponding to the high-frequency-layer image
signal which has been subjected to the noise suppression
process by the noise suppression circuit 206 and the G,
signal corresponding to the low-frequency-layer image signal
which has been subjected to the enlargement process by the
enlargement circuit 210 are added to each other in accordance
with Expression (10).

G=axGp+(1-a)xGp, (10)

Similarly, in each of the pixels, the R, signal and the B,
signal corresponding to the high-frequency-layer image sig-
nals which have been subjected to the noise suppression pro-
cess by the noise suppression circuit 206 and the R, signal
and the B, signal corresponding to the low-frequency-layer
image signals which have been subjected to the enlargement
process by the enlargement circuit 210 are added to each other
in accordance with Expression (11) and Expression (12),
respectively.

R=0xRp+(1-0)xRp,

an

B=0axBp+(1-0)xBp,

Then, the G, R, and B signals which are obtained after the
additions and which are output from the image synthesis
circuit 211 are supplied to the sampling circuit 203.

In step S307, the sampling circuit 203 performs sampling
on the G, R, and B signals in accordance with the Bayer
arrangement so as to generate a single image signal in accor-
dance with the Bayer arrangement. Specifically, the sampling
circuit 203 generates an image signal having a pattern in
which a matrix of 2x2 signals, i.e., four signals, configured
such that an R signal and a B signal are diagonally arranged in
two pixels and G signals are diagonally arranged in remaining
two pixels is repeated. Then, the sampling circuit 203 sup-
plies the image signal which is obtained by sampling and
which is regenerated in accordance with the Bayer arrange-
ment to the first luminance signal generation circuit 212, the
second luminance signal generation circuit 213, and the color
generation circuit 215.

(12)
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Subsequently, in step S308, the first luminance signal gen-
eration circuit 212 generates a first luminance signal Y ,. FIG.
7 is a diagram illustrating a process of generating the first
luminance signal Y, performed by the first luminance signal
generation circuit 212.

The first luminance signal generation circuit 212, as shown
in FIG. 7, divides the image signal supplied from the sam-
pling circuit 203 into image signals of the individual colors
and performs a compensation process so as to generate color
signals in individual pixels whereby a synchronization pro-
cess is performed.

For example, in an image signal corresponding to an R
signal, assuming that a signal in a coordinate (m, n) which has
not been subjected to the compensation process is denoted by
R(m, n) and a signal in the coordinate (m, n) which has been
subjected to the compensation process is denoted by R ,(m,
n), the signal R (m, n) is calculated in accordance with
Expression (13) to Expression (16).

RA(1,1)=R(1,1) (13)

RA(1,2)={R(1,1)+R(1,3)}/2 14)

R, (2,1)={R(1,D)+R(3,1)}12 as)

R4(2,2)={R(1,1)+R(1,3)+R(3,1)+R(3,3)}/4 (16)

Similarly, in an image signal corresponding to a B signal, a
signal B, (m, n) which has been subjected to the compensa-
tion process is calculated in the same way.

Furthermore, in an image signal corresponding to a G
signal, a signal G,(m, n) which has been subjected to the
compensation process is calculated in accordance with
Expression (17) to Expression (20).

Ga(2,2)={G(1,2)+G(3,2)+G(2,1 +G(2,3)}/4 an
Ga(2,3)={4xG(2,3)+G(1,2)+G(1,4)+G(3,2)+
G(3,4)M/8 (18)
Ga(3.2)={4xG(3,2)+G(2,1)+G(2,3)+G(4,1 )+
G(4,3)}/8 19)

Ga(3,3)={G(2,3)+G(4,3)+G(3,2)+G(3,4) }/4 (20)

It is apparent that the compensation methods are merely
examples, and various other general compensation methods
may be employed. For example, in order to suppress degra-
dation of a high band characteristic of an original signal, the
correlations of the object for individual directions may be
determined in advance and heavy weight may be applied on
signals located in a direction corresponding to the highest
correlation whereby compensation is performed. Specifi-
cally, the correlation between signals of G pixels which are
vertically adjacent to a pixel to be compensated for may be
compared with the correlation between signals of G pixels
which are horizontally adjacent to the pixel to be compen-
sated for. Then, a rate of the signals of the G pixels having the
higher correlation may be made large so that a signal G ,(m, n)
of the pixel to be compensated for is obtained. Alternatively,
the signal G ,(m, n) of the pixel to be compensated for may be
obtained only using the signals of the G pixels corresponding
to the higher correlation.

In step S302, the synchronization circuit 205 does not
accurately obtain the correlations of the pixels located near
the target pixel since noise components are superposed on the
pixels shown in FIG. 13. Therefore, a signal of the pixel to be
compensated for is obtained by simple linear compensation.
On the other hand, the first luminance signal generation cir-
cuit 212 performs the compensation process using signals in
which noise components are suppressed by the band process-
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ing circuit 202. Therefore, the first luminance signal genera-
tion circuit 212 performs the compensation process in accor-
dance with the correlations of the pixels located in the vicinity
of' the pixel to be compensated for.

The R, signal, the G, signal, the B, signal obtained as
described above are assigned to Expression (21) so that a first
luminance signal Y ,(m, n) of a pixel of a coordinate (m, n) is
obtained.

Y (m,1)=0.3xR 4(m,1)+0.6x G 4(m,1)+0.1xB 4(m,n) (21)

Then, the first luminance signal generation circuit 212
outputs the obtained first luminance signal Y, to the lumi-
nance mixing circuit 214.

Note that, although the case where the R, signal, the G,
signal, and the B ; signal are used to obtain the first luminance
signal Y , istaken as an example, the G, signal may be used as
the first luminance signal Y ;. Any luminance signal may be
used as the first luminance signal Y, as long as the first
luminance signal Y, is obtained by performing the compen-
sation process on an image signal corresponding to the G
signal which is a first color signal.

In step S309, the second luminance signal generation cir-
cuit 213 generates a second luminance signal Y. Unlike the
first luminance signal Y ,, the second luminance signal Y is
not generated by distinguishing color signals but is generated
by processing signals corresponding to the pixels of all the
colors. FIG. 8 is a diagram illustrating a process of generating
the second luminance signal Y performed by the second
luminance signal generation circuit 213.

As shown in FIG. 8, the second luminance signal genera-
tion circuit 213 receives the image signal output from the
sampling circuit 203. The second luminance signal genera-
tion circuit 213 performs the vertical lowpass filter (V-LPF)
process and the horizontal lowpass filter (H-LPF) process so
as to generate the second luminance signal Y 5. In the V-LPF
process and the H-LPF process, a filter coefficient repre-
sented by [1, 2, 1], for example, may be used. Alternatively, a
direction of the filter or the filter coefficient may be changed
in accordance with a state of an edge of the image signal ora
level of the correlation with the surrounding pixels.

Note that the process to be performed by the second lumi-
nance signal generation circuit 213 may be eliminated and the
image signal of the RAW format may be used as the second
luminance signal Y. That is, second luminance signals Y 5 for
individual pixels can be obtained in accordance with Expres-
sion (22) to Expression (25).

Yp(1,1)=R(1,1) (22)
Yp(1,2)=G(1,2) (23)
Yp(2,1)=G(2,1) (24)
Yp(2,2)=B(2,2) (25)

In step S310, the luminance mixing circuit 214 mixes the
first luminance signal Y , and the second luminance signal Y 5
s0 as to generate a luminance signal Y. Assuming that a
mixing ratio of the first luminance signal in the luminance
signal Y is denoted by f3, the luminance mixing circuit 214
obtains luminance signals for individual pixels by assigning
the first luminance signal Y , and the second luminance signal
Y 5 in Expression (26).

Y=Px Y +(1-P)x¥p (26)

Here, in this embodiment, the luminance mixing circuit
214 determines the mixing ratio [} of the first luminance signal
Y , in the luminance signal Y in accordance with a saturation
S of the object. A method for obtaining the mixing ratio § will
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be described. As with the first luminance signal generation
circuit 212, the luminance mixing circuit 214 divides the
image signal of the RAW format into image signals of the
individual colors and performs the synchronization. Then, an
absolute value of a difference between an R signal and a G
signal of each of pixels is added to an absolute value of a
difference between a B signal and the G signal of the pixel so
that a saturation S of each of the pixels is obtained.

S=IR-G|+|B-G| @7

The luminance mixing circuit 214 reads the mixing ratio §
corresponding to the saturation S from the memory not
shown. FIG. 9 is a diagram illustrating the mixing ratio § of
the first luminance signal Y , in accordance with the saturation
S. As shown in FIG. 9, the luminance mixing circuit 214 sets
the mixing ratio 3 to be large, that is, the luminance mixing
circuit 214 sets a mixing ratio of the first luminance signal Y ,
to be large ina case of a pixel having a high saturation whereas
the luminance mixing circuit 214 sets the mixing ratio f§ to be
small, that is, the luminance mixing circuit 214 sets a mixing
ratio of the second luminance signal Y , to be large in a case of
a pixel having a low saturation.

Note that the method for obtaining a mixing ratio of the first
luminance signal Y, to the second luminance signal Y ; is not
limited to this, and a final mixing ratio may be determined by
multiplying a mixing ratio obtained using an absolute value of
a difference between an R signal and a G signal by a mixing
ratio obtained using an absolute value of a difference between
a B signal and the G signal. Furthermore, instead of the
process of adding and synthesizing the first luminance signal
Y , and the second luminance signal Y z with each other, one
of the first luminance signal Y, and the second luminance
signal Y z which corresponds to a higher mixing ratio may be
selected. Alternatively, in a case where a region in which it is
determined that the diagonal correlation is higher than the
threshold value is detected, the second luminance signal Y,
may be used only for the region. Furthermore, since a con-
figuration ratio of colors included in a high frequency com-
ponent of the first luminance signal Y , is different from that of
the second luminance signal Yz, when a certain color of the
object is strong, a value of the first luminance signal Y , and a
value of the second luminance signal Y ; is considerably dif-
ferent from each other. Therefore, a low frequency compo-
nent of the first luminance signal Y, and a high frequency
component of the second luminance signal Y, may be
obtained and synthesized with each other so that a luminance
signal is obtained, and the obtained luminance signal and the
first luminance signal Y , may be mixed with each other with
the mixing ratio described above.

In step S311, the color generation circuit 215 generates
color difference signals U and V using the R, G, and B signals
output from the sampling circuit 203. The color generation
circuit 215 performs a color compensation process, a fake
color removing process, a matrix conversion process, and the
like on the R, G, and B signals so as to generate the color
difference signals U and V. The color difference signals U and
V may be generated by a general method, and therefore, a
detailed description of the method is omitted.

By performing the processes, the luminance signal Y in
which the aliasing is suppressed and the color difference
signals U and V are generated in the luminance/color genera-
tion circuit 204.

As described above, according to the configuration of this
embodiment, the band processing circuit 202 executes the
noise suppression process by dividing an image signal
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according to a plurality of bands, and the luminance/color
generation circuit 204 executes the process of suppressing the
aliasing.

Note that although the case where only low-frequency-
layer image signals in a single layer is generated has been
taken as an example, the present invention is not limited to
this. A plurality of reduction circuits 208, a plurality of noise
suppression circuits 209, and a plurality of enlargement cir-
cuits 210 may be provided, the noise suppression process may
be performed on individual low-frequency-layer image sig-
nals which are multilayered according to frequency bands,
and the low-frequency-layer image signals may be synthe-
sized with one another by the image synthesis circuit 211.

Furthermore, a method of the noise suppression process
performed on the high-frequency-layer image signals and a
method of the noise suppression process performed on the
low-frequency-layer image signals may be different from
each other. For example, the high-frequency-layer image sig-
nals may be subjected to the noise suppression process in the
way described in step S304 whereas the low-frequency-layer
image signals may be subjected to a noise suppression pro-
cess including the V-LPF process and the H-LPF process.

Alternatively, if the reduction circuit 208 has performed a
noise suppression process such as the LPF processes when
the reduction circuit 208 generates low-frequency-layer
image signals, the noise suppression circuit 209 which pro-
cesses low-frequency-layer image signals may be eliminated.

Second Embodiment

Next, a second embodiment of the present invention will be
described. In the first embodiment, an image signal having a
frequency band lower than that of an original image signal is
generated by the band processing circuit 202. However, in
this embodiment, an original image signal is divided into a
plurality of frequency components corresponding to different
frequency bands which do not overlap with one another.

FIG. 10 is a diagram schematically illustrating another
configuration of the image processing circuit 105 according
to a second embodiment of the present invention. In FIG. 10,
circuits having configurations the same as those shown in
FIG. 2 are denoted by reference numerals the same as those
shown in FIG. 2. The image processing circuit 105 of this
embodiment includes a white balance circuit 201, a band
processing circuit 1001, a sampling circuit 203, and a lumi-
nance/color generation circuit 204.

A synchronization circuit 1002 included in the band pro-
cessing circuit 1001 performs the same synchronization pro-
cessing as the synchronization circuit 205 on an image signal
output from the white balance circuit 201 so as to generate an
image signal corresponding to a G signal, an image signal
corresponding to an R, signal, and an image signal corre-
sponding to a B, signal. In each of image signals, each of
pixels output from the synchronization circuit 1002 includes
the G signal, the R signal, and the B, signal.

The image signals corresponding to the G signal, the R,
signal, and the B signal are supplied to a lowpass filter (LPF)
1003 and a highpass filter (HPF) 1004.

As with the reduction circuit 208 shown in FIG. 2, the
lowpass filter 1003 performs a V-LPF process and an H-L.LPF
process onthe G signal, the R, signal, and the B signal so as
to generate a Gp; signal, an R, signal, and a B, signal.

The highpass filter 1004 subtracts the G, signal, the R,
signal, and the B, signal which are generated by the lowpass
filter 1003 from the G signal, the R, signal, and the B signal
which are output from the synchronization circuit 1002. As a
result, the highpass filter 1004 extracts a G, signal, an R,
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signal, and a B, signal which are high frequency compo-
nents of the G, signal, the R signal, and the B, signal,
respectively.

The G, signal, the Ry, signal, and the B, signal are
supplied to a noise suppression circuit 1005 which performs
the same noise suppression process as the noise suppression
circuit 206 shown in FIG. 2. Furthermore, the G, signal, the
R signal, and the B, signal are supplied to a synthesis
ratio calculation circuit 1006 where a synthesis ratio is cal-
culated in the same way as the synthesis ratio calculation
circuit 207 shown in FIG. 2.

The G,; signal, the R, signal, and the B, signal which
are generated by the lowpass filter 1003 are supplied to a
downsampling (DS) circuit 1007. The DS circuit 1007 per-
forms a downsampling process on the G, signal, the R,
signal, and the B, signal so that the numbers of pixels in
horizontal and vertical directions are reduced by half
whereby a G, signal, a Py, signal, and a B, signal are
generated.

The G, signal, the R, signal, and the B, signal output
from the DS circuit 1007 are supplied to an LPF 1008 and an
HPF 1009.

As with the reduction circuit 208 shown in FIG. 2, the LPF
1008 performs the V-LPF process and the H-LPF process on
the G, signal, the R, signal, and the B, signal so as to
generate a G, signal, a R,;, signal, and a B, signal.

The HPF 1009 subtracts the G;, signal, the R, signal,
and the B,,, signal which are generated by the LPF 1008
from the G, signal, the R, signal, and the B, signal which
are output from the DS circuit 1007. As aresult, the HPF 1009
extracts a Gpy, signal, an R, signal, and a By, signal
which are high frequency components of the G, signal, the
Ry, signal, and the B, signal.

The Gy signal, the R, signal, and the B, signal are
supplied to a noise suppression circuit 1010 where the same
noise suppression process as the noise suppression circuit 206
shown in FIG. 2 is performed. Furthermore, the G, signal,
the R, signal, and the B,,;, signal are supplied to a synthe-
sis ratio calculation circuit 1011 where a synthesis ratio is
calculated in the same way as the synthesis ratio calculation
circuit 207 shown in FIG. 2.

The G, , signal, theR ;| signal, and the B, , signal which
are generated by the LPF 1008 are supplied to a DS circuit
1012. The DS circuit 1012 performs a downsampling process
onthe G, signal, the R, | signal, and the B, | signal so that
the numbers of pixels in horizontal and vertical directions are
reduced by half whereby a G, signal, a P, signal, anda B,
signal are generated.

The G, signal, the R, signal, the B, signal which are
output from the DS circuit 1012 are supplied to an LPF 1013
and an HPF 1014. As with the reduction circuit 208 shown in
FIG. 2, the LPF 1013 performs the V-LPF process and the
H-LPF process on the G, signal, the R, signal, and the B,
signal so as to generate a G, signal, an R, , signal, and a
B, signal.

The HPF 1014 subtracts the G, signal, the R, , signal,
and the B, signal which are generated by the LPF 1013
from the G, signal, the R ., signal, and the B, signal which
are output from the DS circuit 1012. As aresult, the HPF 1014
extracts a Gpy, signal, an Ry, signal, and a B, signal
which are high frequency components of the G, signal, the
R, signal, and the B, signal.

The Gy, signal, the R, signal, and the B, signal are
supplied to a noise suppression circuit 1015 where the same
noise suppression process as the noise suppression circuit 206
shown in FIG. 2 is performed. Furthermore, the G, signal,
the R, signal, and the B, signal are supplied to a synthe-
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sis ratio calculation circuit 1016 where a synthesis ratio is
calculated in the same way as the synthesis ratio calculation
circuit 207 shown in FIG. 2.

The G, , signal, the R ., , signal, and the B, , signal which
are generated by the LPF 1013 are supplied to a DS circuit
1017. The DS circuit 1017 performs a downsampling process
onthe G, , signal, the R, , signal, and the B, , signal so that
the numbers of pixels in horizontal and vertical directions are
reduced by half whereby a G, signal, a P, signal, anda B,
signal are generated.

The Gp; signal, the Rp; signal, and the B,; signal are
supplied to a noise suppression circuit 1018 where the same
noise suppression process as the noise suppression circuit 206
shown in FIG. 2 is performed.

Frequency bands of the G, signal, the G, signal, the
G signal, and the G, signal are not superposed with one
another, and the frequency bands are lowered from the G,
signal to the G5 signal. Frequency bands of the R o, signal to
the R, signal and frequency bands of the B, signal to the
B, signal are similarly lowered.

An enlargement circuit 1019 performs upsampling process
on the individual signals supplied from the noise suppression
circuit 1018 so that the numbers of pixels corresponding to
the signals supplied from the noise suppression circuit 1018
are equal to the numbers of pixels output from the noise
suppression circuit 1015. An image synthesis circuit 1020
synthesizes the signals output from the enlargement circuit
1019 with the signals output from the noise suppression cir-
cuit 1015 for individual colors by the same method as the
image synthesis circuit 211 shown in FIG. 2 using the syn-
thesis ratio obtained by the synthesis ratio calculation circuit
1016.

An enlargement circuit 1021 performs an upsampling pro-
cess on the signals output from the image synthesis circuit
1020 so that the numbers of pixels corresponding to the
signals output from the image synthesis circuit 1020 are equal
to the numbers of pixels output from the noise suppression
circuit 1010. An image synthesis circuit 1022 synthesizes the
signals output from the enlargement circuit 1021 with the
signals output from the noise suppression circuit 1010 for
individual colors by the same method as the image synthesis
circuit 211 shown in FIG. 2 using the synthesis ratio obtained
by the synthesis ratio calculation circuit 1011.

Furthermore, an enlargement circuit 1023 performs an
upsampling process on the signals output from the image
synthesis circuit 1022 so that the numbers of pixels corre-
sponding to the signals output from the image synthesis cir-
cuit 1022 are equal to the numbers of pixels output from the
noise suppression circuit 1005. An image synthesis circuit
1024 synthesizes the signals output from the enlargement
circuit 1023 with the signals output from the noise suppres-
sion circuit 1005 for individual colors by the same method as
the image synthesis circuit 211 shown in FIG. 2 using the
synthesis ratio obtained by the synthesis ratio calculation
circuit 1006.

That is, the processes performed by the LPFs 1003, 1008,
and 1013, and the DS circuits 1007, 1012, and 1017 corre-
spond to the process performed in step S303 shown in FIG. 3,
and the processes performed by the noise suppression circuits
1005, 1010, 1015, and 1018 correspond to the process per-
formed in step S304 shown in FIG. 3. Furthermore, the pro-
cesses performed by the synthesis ratio calculation circuits
1006, 1011, and 1016 correspond to the process performed in
step S305 shown in FIG. 3, and the processes performed by
the enlargement circuits 1019, 1021, and 1023 and the image
synthesis circuits 1020, 1022, and 1024 correspond to the
process performed in step S306 shown in FIG. 3.
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Then, the image signals corresponding to the G signal, the
R signal, and the B signal output from the image synthesis
circuit 1024 are subjected to a sampling process performed by
the sampling circuit 203 in accordance with the Bayer
arrangement, and the image signals which have been sub-
jected to the sampling process are supplied to the luminance/
color generation circuit 204.

As described above, even when the band processing circuit
is configured such that the noise suppression process is per-
formed after the original image signal is divided into a plu-
rality of frequency components corresponding to different
frequency bands which do not overlap with one another, the
same advantage as the first embodiment can be attained.

Third Embodiment

Next, a third embodiment of the present invention will be
described. This embodiment is different from the first
embodiment in that a size of an image signal output from an
image processing circuit 105 can be changed (resized) and
different methods for generating a luminance signal Y are
used depending on sizes of the output image signal.

FIG. 11 is a diagram schematically illustrating a portion of
a configuration of the image processing circuit 105. In FIG.
11, circuits having configurations the same as those shown in
FIG. 2 are denoted by reference numerals the same as those
shown in FIG. 2. The image processing circuit 105 in this
embodiment includes a white balance circuit 201, a band
processing circuit 1101, a sampling circuit 1102, and a lumi-
nance/color generation circuit 1103.

The band processing circuit 1101 includes a synchroniza-
tion/reduction circuit 1104 instead of the synchronization
circuit 205 shown in FIG. 2. In the first and second embodi-
ments, the number of pixels corresponding to an image signal
input to the image processing circuit 105 is equal to the
number of pixels corresponding to an image signal output
from the image processing circuit 105. However, in this
embodiment, the number of pixels of an image signal output
from the image processing circuit 105 may be reduced rela-
tive to the number of pixels of an image signal input to the
image processing circuit 105 using the synchronization/re-
duction circuit 1104. A user may specify a size of an image
signal to be output using an operation member 110. A control
circuit 106 instructs the synchronization/reduction circuit
1104 to change the size of the image signal output from the
image processing circuit 105 in accordance with the size
specified by the user.

Furthermore, the sampling circuit 1102 determines
whether a process of sampling a G signal, an R signal, and a
B signal from the image signal output from the image syn-
thesis circuit 211 in accordance with the Bayer arrangement,
i.e., a re-Bayer arrangement process, is to be performed in
accordance with operation of the synchronization/reduction
circuit 1104.

Furthermore, the luminance/color generation circuit 1103
includes a third luminance signal generation circuit 1105 and
a luminance mixing circuit 1106 instead of the luminance
mixing circuit 214 shown in FIG. 2. The luminance/color
generation circuit 1103 switches the methods for generating a
luminance signal Y from one to another in accordance with an
operation of the synchronization/reduction circuit 1104.

FIG. 12 is a flowchart illustrating a process performed by
the white balance circuit 201, the band processing circuit
1101, the sampling circuit 1102, and the luminance/color
generation circuit 1103 included in the image processing
circuit 105. When receiving an image signal output from the
A/D converter 104, the image processing circuit 105 performs
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the process of the flowchart shown in FIG. 12. Note that, in the
flowchart shown in FIG. 12, processes the same as those
shown in FIG. 3 are denoted by step numbers the same as
those shown in FIG. 3.

In step S301, the white balance circuit 201 performs a
white balance process on an image signal supplied from the
A/D converter 104.

In step S1201, the synchronization/reduction circuit 1104
generates a reduced image signal from the image signal out-
put from the white balance circuit 201 in accordance with a
size of the image signal specified by the control circuit 106.

In step S1202, the synchronization/reduction circuit 1104
determines whether a rate of the size of the image signal
specified by the control circuit 106 to a size of the image
signal of a RAW format input to the image processing circuit
105 is equal to or smaller than a threshold value. In this
embodiment, the threshold value is '/ since an image signal
obtained from an image pickup element 102 having the Bayer
arrangement is employed. When the synchronization/reduc-
tion circuit 1104 determines that the size of the image signal
specified by the control circuit 106 is half of the size of the
image signal input to the image processing circuit 105, the
process proceeds to step S1202.

Note that the fact that the size of the image signal is reduced
by half means that the numbers of pixels in a vertical and
horizontal directions are reduced by half. If a rate of the size
of the reduced image signal to the size of the image signal
input to the image processing circuit 105 is equal to or smaller
than Y2, even when the reduced image signal is divided into
image signals for individual colors, pixels having values O are
not generated in the image signals of the individual colors,
and accordingly, aliasing can be suppressed.

In step S1203, a reduction circuit 208 receives the reduced
image signal output from the synchronization/reduction cir-
cuit 1104 and generates a low-frequency-layer image signal
using the reduced image signal by the same method as step
S303 shown in FIG. 3.

In step S1204, a noise suppression circuit 206 performs the
same noise suppression method as step S304 shown in FIG. 3
on the image signal output from the synchronization/reduc-
tion circuit 1104, that is, a high-frequency-layer image signal.

In step S1205, the synthesis ratio calculation circuit 207
calculates a synthesis ratio of the high-frequency-layer image
signal and the low-frequency-layer image signal using a
method the same as that in step S305 shown in FIG. 3.

In step S1206, the image synthesis circuit 211 synthesizes
the high-frequency-layer image signal with the low-fre-
quency-layer image signal using a method the same as that in
step S306 shown in FIG. 3 so as to obtain image signals
constituted by a new G signal, a new R signal, and a new B
signal. The image signals generated by the image synthesis
circuit 211 are supplied to the sampling circuit 1102.

Note that, when the size of the reduced image signal is
equal to or smaller than half the size of the image signal input
to the image processing circuit 105, the sampling circuit 1102
does not perform a sampling process and outputs the image
signals without change to the third luminance signal genera-
tion circuit 1105.

In step S1207, the third luminance signal generation circuit
1105 generates a luminance signal Y in accordance with
Expression (21) of the first embodiment. Since the image
signals input to the third luminance signal generation circuit
1105 have been subjected to a synchronization process,
unlike the first luminance signal generation circuit 212, the
third luminance signal generation circuit 1105 is not required
to perform another synchronization process.



US 9,392,241 B2

19

Then, the luminance mixing circuit 1106 outputs a lumi-
nance signal generated by the third luminance signal genera-
tion circuit 1105 as the luminance signal Y without change.

In step S1208, the color generation circuit 215 generates
color difference signals U and V by the same method as step
S311 shown in FIG. 3 and outputs the color difference signals
Uand V.

In this way, when the rate of the size of the reduced image
signal to the size of the image signal input to the image
processing circuit 105 is equal to or smaller than '3, the
reduced image signal output from the synchronization/reduc-
tion circuit 1104 serves as an image signal which has been
synchronized and in which an adverse effect of aliasing is
suppressed. Specifically, even when the reduced image signal
is divided into a plurality of image signals corresponding to
different frequency bands and the image signals are synthe-
sized with one another, the adverse effect of aliasing is not
increased. Accordingly, when the third luminance signal gen-
eration circuit 1105 generates the luminance signal Y using
the image signal output from the image synthesis circuit 211,
a luminance signal in which the adverse effect of aliasing is
suppressed may be obtained without mixing a plurality of
luminance signals generated by different methods.

Therefore, when the size of the reduced image signal is
equal to or smaller than half the size of the image signal input
to the image processing circuit 105, the sampling circuit 1102
does not perform a sampling process and outputs the input
image signal to the third luminance signal generation circuit
1105 without change.

Referring back to step S1202, when the size of the reduced
image signal is not equal to or smaller than the size of the
image signal input to the image processing circuit 105, the
synchronization/reduction circuit 1104 proceeds to step
S302.

Then, the digital still camera performs the same processes
as step S302 to step S311 shown in FIG. 3. Note that the
synchronization/reduction circuit 1104 performs the same
process as the synchronization circuit 205 shown in FIG. 2,
the sampling circuit 1102 performs the same process as the
sampling circuit 203 shown in FIG. 2, and the luminance
mixing circuit 1106 performs the same process as the lumi-
nance mixing circuit 214 shown in FIG. 2.

As described above, in the digital still camera according to
this embodiment, if the image processing circuit 105 can
reduce a size of an image signal to the degree that the adverse
effect of aliasing is suppressed, the image processing circuit
105 does not perform a process of synthesizing a plurality of
luminance signals generated by different methods. By this, a
process of suppressing aliasing is performed only when
needed, and accordingly, a processing load of the digital still
camera can be reduced.

Note that, although a case where the user specifies a size of
an image signal to be output using the operation member 110
has been described as an example, the present invention is not
limited to this. When a size of an image signal obtained at a
time of capturing a movie is half a size of an image signal
obtained at a time of capturing of a still image of a RAW
format, the process may automatically proceed from step
S1202 to step S1203 provided that the movie is being cap-
tured.

It is apparent that, as a configuration for realizing the noise
suppression process performed by the image processing cir-
cuit 105, a configuration in which an original image signal is
divided into a plurality of frequency components correspond-
ing to different frequency bands which do not overlap with
one another may be employed as shown in FIG. 10.
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Note that, in the foregoing embodiments, the low-fre-
quency-layer image signal is generated by reducing the origi-
nal signal. However, a low-frequency-layer image signal may
be generated by performing an LPF process on an original
image signal without reducing the image signal.

Furthermore, in any of the embodiments, the different pro-
cesses are performed by the different circuits shown in the
drawings for simplicity of the description. However, the cir-
cuits may be collectively configured as a single circuit or one
of'the processes performed by the circuits may be performed
by some of the circuits.

Other Embodiments

The present invention may be realized by performing a
process described below. That is, software (a program) which
realizes functions of the foregoing embodiments is supplied
to a system or an apparatus through a network or one of
various storage media, and a computer (ora CPU, an MPU, or
the like) included in the system or the apparatus reads and
executes the program.

As described above, according to the present invention, a
noise suppression process is performed by dividing an image
signal according to a plurality of bands while and aliasing can
be suppressed.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

What is claimed is:

1. An apparatus configured to generate a luminance signal
from image data, the apparatus comprising:

a generation circuit configured to receive a first image data
in which color signals corresponding to a plurality of
colors are alternately arranged in a predetermined
arrangement and generate a plurality of image data cor-
responding to different frequency bands using the first
image data;

a synthesis circuit configured to generate a second image
data by synthesizing the plurality of image data;

a sampling circuit configured to generate a third image data
from the second image data by sampling the color sig-
nals corresponding to the colors in accordance with the
predetermined arrangement; and

a luminance signal generation circuit configured to gener-
ate the luminance signal from the third image data.

2. The apparatus according to claim 1, further comprising

a noise suppressing circuit configured to perform a noise
suppressing process on the plurality of image data generated
by the generation circuit,

wherein the synthesis circuit synthesizes the plurality of
image data on which the noise suppressing process is
performed.

3. The apparatus according to claim 1, wherein the sam-
pling circuit generates the third image data by sampling the
color signal in accordance with the predetermined arrange-
ment of respective one of the plurality of colors for each pixel.

4. The apparatus according to claim 1, wherein the lumi-
nance signal generation circuit generates a first luminance
signal using image data obtained by performing compensa-
tion on a predetermined pixel which does not correspond to a
first color with surrounding first color signals of the third
image data, a second luminance signal using color signals
which are included in the third image data without perform-
ing compensation on the predetermined pixel which does not
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correspond to the first color with the surrounding first color
signals of the third image data, and a combined luminance
signal using the first luminance and the second luminance
signals.

5. The apparatus according to claim 1, wherein the lumi-
nance signal generation circuit generates the luminance sig-
nal using image data obtained by performing compensation
on a predetermined pixel which does not correspond to a first
color with surrounding first color signals of the third image
data.

6. The apparatus according to claim 1, wherein the genera-
tion circuit comprises at least one lowpass filter and one
downsampling circuit.

7. The apparatus according to claim 2, wherein the noise
suppressing circuit averages neighboring color signals hav-
ing the same color and similar level.

8. The apparatus according to claim 6, wherein the lowpass
filter performs lowpass filter process on the first image data,
and the downsampling circuit performs downsampling pro-
cess on the first image data on which the lowpass filter process
is performed.

9. The apparatus according to claim 6, wherein the synthe-
sis circuit comprises at least one enlargement circuit.

10. The apparatus according to claim 9, wherein the syn-
thesis circuit syntheses one of the plurality of image data
generated by generation circuit with the other image data
which is enlarged by the enlargement circuit.

11. The apparatus according to claim 1, wherein the first
image data includes red, green, and blue signals.

12. The apparatus according to claim 11, wherein the pre-
determined arrangement is a Bayer arrangement.

13. A method configured to generate a luminance signal
from image data, the method comprising:

receiving a first image data in which color signals corre-

sponding to a plurality of colors are alternately arranged
in a predetermined arrangement;

generating a plurality of image data corresponding to dif-

ferent frequency bands using the first image data;
generating a second image data by synthesizing the plural-
ity of image data;

generating a third image data from the second image data

by sampling the color signals corresponding to the col-
ors in accordance with the predetermined arrangement;
and

generating the luminance signal from the third image data.

14. The method according to claim 13, further comprising
performing noise suppressing process on the plurality of
image data,

wherein the second image data is generated by synthesiz-

ing the plurality of image data on which the noise sup-
pressing process is performed.
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15. The method according to claim 13, wherein the gener-
ating the third image data comprises sampling the color signal
in accordance with the predetermined arrangement of respec-
tive one of the plurality of colors for each pixel.

16. The method according to claim 13, wherein the gener-
ating luminance generates a first luminance signal using
image data obtained by interpolating the predetermined pixel
signal which does not correspond to a first color with the
surrounding first color signals of the third image data, a
second luminance signal using color signals which are
included in the third image data without interpolating the
predetermined pixel signal which does not correspond a first
color with the surrounding first color signals of the third
image data, and a combined luminance signal using the first
and the second luminance signals.

17. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of the method defined in claim 13.

18. The method according to claim 13, wherein the lumi-
nance signal is generated from image data obtained by per-
forming compensation on a predetermined pixel which does
not correspond to a first color with surrounding first color
pixel signals of the third image data.

19. The apparatus according to claim 5, wherein the first
image data includes red, green, and blue signals which are
arranged in a Bayer arrangement, and the first color is green.

20. The method to claim 13, wherein the first image data
includes red, green, and blue signals.

21. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of the method defined in claim 14.

22. The method according to claim 14, wherein the noise
suppressing process averages neighboring color signals hav-
ing the same color and similar level.

23. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of the method defined in claim 22.

24. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of the method defined in claim 15.

25. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of the method defined in claim 16.

26. A non-transitory computer readable storage medium
storing a program for causing a computer to execute each step
of a method defined in claim 18.

27. The apparatus according to claim 18, wherein the first
image data includes red, green, and blue signals which are
arranged in a Bayer arrangement, and the first color is green.

28. The method according to claim 20, wherein the prede-
termined arrangement is a Bayer arrangement.
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